Two cases of patients with paraneoplastic limbic encephalitis, difficult to control seizures, and unilateral hippocampal hypermetabolism on positron emission tomography (PET) are described. Two women aged 33 and 61 presented with uncontrolled complex partial seizures, profound memory loss and cognitive decline. One was later diagnosed with breast cancer and the other with lung cancer. Video-EEG on the first patient recorded multifocal sharp waves and bilateral independent seizure onsets. The second patient had no epileptiform discharges and bitemporal ictal onset, even though the clinical seizures suggested a right temporal onset. Magnetic resonance imaging (MRI) was normal in both patients. PET scans obtained in the interictal state showed right hippocampal hypermetabolism in both patients. In the second patient, the lung cancer was irradiated with resolution of seizures and improvement of memory function. A PET scan six months later was normal. Subsequent seizure recurrence and worsening of memory led to the discovery of widespread metastases. Limbic encephalitis should be considered in the differential diagnosis of intractable partial epilepsy, particularly if accompanied by severe memory loss and cognitive decline. Treatment of the underlying cancer may be lead to improved seizure control. Hippocampal hypermetabolism may be a common feature on PET, and may indicate subclinical seizure activity.
INTRODUCTION
Limbic encephalitis was first described in 1960 by Brierley et al. 1 who reported three cases of subacute encephalitis in patients with lung carcinoma. Since then it has been reported as a paraneoplastic syndrome seen mainly, but not only, in patients with small cell lung cancer [2] [3] [4] . Clinical features reflect damage to limbic structures and include memory loss, confusion, behavioral abnormalities and seizures [1] [2] [3] [4] [5] . Investigations usually show antineuronal antibodies in the serum and CSF 3, 4, 6, 7 . Magnetic resonance imaging (MRI) studies have shown an increased signal intensity on T2 weighted images in one or both hippocampal formations [3] [4] [5] [7] [8] [9] [10] [11] . We report two patients with paraneoplastic limbic encephalitis whose positron emission tomography (PET) scans showed focal unilateral mesial temporal hypermetabolism and discuss the possible significance of this finding. * E-mail: Toufic.Fakhoury@mcmail.vanderbilt.edu
CASE REPORT 1
A 33-year-old right-handed woman developed seizures 4 months prior to evaluation in this center. She originally had 3-4 spells of confusion and disorientation and 1 week later had a generalized tonic-clonic seizure, for which she was admitted to an outside hospital. She had a normal MRI scan of the brain and an electroencephalography (EEG) that showed multifocal epileptiform discharges, most prominent in the right frontotemporal region. CSF analysis revealed a WBC count of 28 (100% lymph), protein was 28, glucose 57; IgG index was elevated. She was initially started on phenytoin and phenobarbital but continued to have frequent brief seizures with staring, oral automatisms and altered awareness and was started instead on carbamazepine. She was also treated with acyclovir for presumed herpes encephalitis. She later developed visual hallucinations, agitation and paranoid delusions and was treated with Moban. Her course thereafter was complicated by recurrent seizures, psychotic outbreaks and an encephalopathic state. She was tried on several combinations of antiepileptic drugs including phenytoin, carbamazepine, sodium valproate and primidone. At the time of evaluation at our center, 4 months after the onset of her illness, her family reported three different types of seizures. The first was similar to her initial seizures, with staring, unresponsiveness and oral automatisms. She also had episodes of unresponsiveness and right facial and hand jerking or left facial and hand jerking. She was taking carbamazepine, sodium valproate and methsuximide. A PET scan showed an area of increased uptake in the right hippocampus (Fig. 1) . She had a 6-hour EEG-video study during which two seizures were recorded. The first seizure consisted of left facial jerking followed by unresponsiveness. Concomitant EEG showed a bihemispheric ictal discharge that was most prominent in the right frontocentral region. The second seizure consisted of staring followed by jerking of the right facial muscles. Concomitant EEG showed a bihemispheric ictal discharge that was most prominent in the left temporal area. Interictal recordings revealed epileptiform discharges seen independently in the right frontal, left frontal and left temporal regions. Seizure control was eventually improved on a combination of sodium valproate and phenurone. Her illness evolved to a dementia with severe memory deficits. She was eventually readmitted to the hospital with metastatic breast cancer. Autopsy studies showed evidence of severe bilateral loss of hippocampal pyramidal neurons and chronic gliosis, which was more pronounced on the left.
CASE REPORT 2
A 61-year-old-right-handed woman developed periods of disorientation and difficulty with short-term memory as well as personality changes. She also had spells lasting 60 to 90 seconds which were characterized by freezing, staring, attempting to grab someone around her and well formed but inappropriate speech, and followed by periods of confusion. She was hospitalized after her first generalized tonic-clonic seizure and was started on phenytoin. Her family noticed a decline in cognitive functions and generalized tonicclonic seizures recurred. She was rehospitalized and MRI of the brain was normal. CSF analysis revealed a WBC count of 19, an RBC count of 10, a glucose of 78 and protein of 19. She was started on acyclovir for possible herpes encephalitis. She continued to have two to three 'lighter' seizures daily and occasional generalized tonic-clonic seizures. She could not tolerate sodium valproate, and carbamazepine caused hyponatremia and leukopenia. Her family also noticed further difficulties with memory and cognitive functions and personality changes.
The patient was admitted to the epilepsy unit 4 months after the onset of symptoms. During 4 days of continuous EEG-video monitoring she had seven complex partial seizures characterized by staring, lip smacking, left upper extremity posturing, right upper extremity automatisms and occasional well formed but senseless speech. Concomitant EEG showed bitemporal 2-3 Hz ictal discharges. A PET scan showed a focal area of increased uptake in the right anterior hippocampus (Fig. 2) . A chest X-ray and later a CT scan of the chest showed a mass later diagnosed as small cell lung cancer. Serum and CSF antineuronal antibodies were negative. She received radiation therapy and seizures were controlled for the following 6 months. A repeat PET scan (6 months after the first one) was normal (Fig. 2) . Approximately 3 months later she had recurrence of seizures, and was found to have metastatic disease in the liver and lymph nodes. more FDG uptake than the homologous left hippocampus and 43% more uptake than the lateral temporal regions. The lateral temporal FDG uptake was not significantly asymmetrical. Right. Repeat PET scan, after treatment for lung cancer, showing no asymmetry in uptake between the hippocampi or lateral temporal regions.
DISCUSSION
Our two patients had clinical evidence of paraneoplastic limbic encephalitis, with profound short-term memory loss, cognitive decline, refractory seizures and significant behavioral abnormalities in one. In both cases a malignancy was discovered months after the onset of disease. The presenting symptom in both patients was seizures, which have been recognized as an early symptom in limbic encephalitis since the report by Brierley et al., where one of the three cases described had epileptic seizures before the occurrence of other manifestations of the disease 1 . Since then several reports on limbic encephalitis have included patients where seizures occurred early or were the presenting symptom of the disease 2-4, 10-12 .
The most interesting finding in our patients was the PET scan showing focal increased uptake in one hippocampus. We could find only two other reports where PET scans were obtained in patients with limbic encephalitis 5, 7 . In the first one, a PET scan was obtained at a relatively stable stage of the patient's illness 6 years after the onset of symptoms because of persistent seizures 5 . It showed an area of hypometabolism in the right temporal lobe corresponding to other abnormalities on MRI and EEG studies. In the second, a PET scan was obtained in the course of evaluation for metastasis from small cell lung carcinoma 7 and showed hypermetabolism in both temporal lobes, which was worse on the left. MRI showed hyperintense signal abnormalities in both temporal regions, which was worse on the right. The patient developed memory problems and delusions but had no clinical evidence of seizures. The authors argue that the hypermetabolism on PET scan may reflect an acute stage of the inflammatory process in the temporal lobes and has no relation to epileptic seizures as their patient had no clinical evidence of seizures. They compare their findings to sequential PET scans obtained in patients with herpes encephalitis, where hypermetabolism is seen in the acute stages with no relation to clinical seizures followed by hypometabolism later 13 . The absence of overt clinical seizures does not, however, exclude the possibility of subclinical seizures causing such abnormalities on PET scan. Both our patients had the PET scan during an acute phase of their illness, when they were encephalopathic and having frequent seizures. Our second patient was eventually treated for lung carcinoma with eventual cessation of seizures and improvement in mental status. A repeat PET scan 6 months after the initial study was normal, possibly reflecting a quiescent stage of her disease. It is difficult to ascertain the cause of focal hyperactivity on PET scan, i.e. whether it reflects ongoing, possibly subclinical, seizure activity or is related to the disease process itself.
MRI of the brain was normal in both our patients. Several authors have reported abnormalities in the temporal lobes on MRI of the brain in patients with limbic encephalitis, usually an increased signal in the medial temporal structures on T2 weighted images which can later be replaced by temporal atrophy [3] [4] [5] [7] [8] [9] [10] [11] . Other authors report normal MRI of the brain 12, 14 . A common feature shared between our patients and others with a normal MRI scan is that imaging was performed relatively early in the course of the illness.
Limbic encephalitis has been associated with the anti-Hu antibody, particularly in patients with small cell lung carcinoma 3, 4, 7 but also with other tumour types 3, 6 . However, there are several reports of patients with paraneoplastic limbic encephalitis and negative antineuronal antibody titers 4, 6, 11, 12 , and others of patients with paraneoplastic limbic encephalitis and 'atypical' antineuronal antibodies 9, 10 . It is likely that we do not yet recognize all the neuronal antibodies in paraneoplastic syndromes which may explain the negative results in some reports as well as our patient. In this patient, the clinical diagnosis of limbic encephalitis is strongly supported by the remission of seizures and improvement in mental status with treatment of lung cancer, then loss of seizure control 6 months later is associated with cancer recurrence.
In conclusion, although uncommon, limbic encephalitis should be considered in patients who present with intractable seizures, particularly when accompanied by profound memory loss and behavioral changes. It is difficult to establish with certainty the cause of focal hypermetabolism seen on PET scan in some of these patients but our results suggest that it may be related to subclinical seizures rather than a stage of the underlying disease process.
